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Appendix E:  Projected Groundwater Levels at Selected Locations 
Prepared by John Shomaker and Associates, September, 2014. 

 
The hydrographs below present in greater detail model (JSAI 2014) results that are discussed in 
the body of the EIS.  Hydrographs are presented for the locations shown on Figure 1.  The 
locations are listed on Table 1.  Well diagrams and other information for some locations are 
presented in JSAI (2014) and Intera (2012).  
 

Figure 1.  Selected Hydrograph Locations 
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Table 1.  Hydrograph Details 

 
 
 

  

Well Name
model 

row
model 
column

model 
layer

Northing (US 
FT)

Easting (US 
FT)

Elevation of 
Measuring 

Point (ft Source of Info
GWQ-4 (LRG-4157) 51 23 2 11976381 860456 5566 Schaaf (2013)
Upper Greyback (LRG-4159) 48 14 2 11976990 855379 5720 Schaaf (2013)
Ready Pay (LRG-4158) 70 21 2 11966107 859888 5533 Schaaf (2013)
John Cross 19 18 2 11986996 858327 5496 Schaaf (2013)
Pague 22 41 2 11984044 864250 5551 Schaaf (2013)
Evans 20 61 2 11986102 871745 5174 Schaaf (2013)
PW-1 51 89 2 11976471 908130 4708 Schaaf (2013)
PW-2 61 89 2 11974190 908822 4686 Schaaf (2013)
PW-3 52 87 2 11976220 905548 4731 Schaaf (2013)
PW-4 59 87 2 11974623 906763 4669 Schaaf (2013)
MW-1 (LRG-4652-S-11) 69 73 2 11967214 887292 4932 Schaaf (2013)
MW-6 (LRG-4152-S-15) 43 84 2 11977954 902502 4768 Schaaf (2013)
MW-8 (LRG-4152-S-16) 49 71 2 11976741 885604 5024 Schaaf (2013)
Ladder Airstrip (Labeled by 
Schaaf as Ladder Airport) 24 71 2 11982576 884397 4998 Schaaf (2013)
Chatfield Well (Mislabled by 
Schaaf as Animas Station 8) 20 78 2 11985777 893677 4615 Schaaf (2013)
MW-9 34 89 3 11979770 908214 4455 Schaaf (2013)
GWQ11-27 52 97 2 11976284 919945 4333 Schaaf (2013)
MW-10 34 89 2 11979784 908266 4454 Schaaf (2013)
LRG-10948 79 76 2 11954013 891882 4629 Schaaf (2013)
Upper Animas Riparian 8 12 2 12002145 852450 5450 Model cell centers
Middle Animas Riparian 18 71 1 11988945 885030 4917 Model cell centers
MW-11 34 89 1 11979737 908251 4454 Schaaf (2013)
Upper Percha Riparian 74 11 2 11960325 851130 5271 Model cell centers
Percha Box Riparian 76 46 2 11957685 865160 5206 Model cell centers
Warm Spring (NW of Hillsboro) 67 11 2 11969826 850679 5530 Newcomer & Finch (1993)
Las Animas Creek Community 
Spring 30 87 1 11980635 906150 4457 Murray (1959)
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Figure 2.  Projected Water Level at GWQ-4 

 
 
 

Figure 3.  Projected Water Level at Upper Greyback 
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Figure 4.  Projected Water Level at Ready Pay 

 
 
 

Figure 5.  Projected Water Level at John Cross 
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Figure 6.  Projected Water Level at Pague 

 
 
 

Figure 7.  Projected Water Level at Evans 
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Figure 8.  Projected Water Level at PW-1 

 
 
 

Figure 9.  Projected Water Level at PW-2 
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Figure 10.  Projected Water Level at PW-3 

 
 
 

Figure 11.  Projected Water Level at PW-4 
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Figure 12.  Projected Water Level at MW-1 

 
 
 

Figure 13.  Projected Water Level at MW-6 
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Figure 14.  Projected Water Level at MW-8 

 
 
 

Figure 15.  Projected Water Level at Ladder Airstrip 
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Figure 16.  Projected Water Level at Chatfield Well 

 
 
 

Figure 17.  Projected Water Level at MW-9 

 
 
 

4549

4550

4551

4552

4553

4554

4555

4556

4557

4558

el
ev

at
io

n,
 ft

 a
m

sl

Chatfield Well

EIS_Alt0

EIS_Alt1

EIS_Alt2

4330

4335

4340

4345

4350

4355

4360

4365

4370

4375

4380

4385

el
ev

at
io

n,
 ft

 a
m

sl

MW-9

EIS_Alt0

EIS_Alt1

EIS_Alt2



PROJECTED GROUNDWATER LEVELS AT SELECTED LOCATIONS 

E-12 

Figure 18.  Projected Water Level at GWQ 11-27 

 
 
 

Figure 19.  Projected Water Level at MW-10 
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Figure 20.  Projected Water Level at LRG10948 

 
 
 

Figure 21.  Projected Water Level at Upper Animas Riparian (8, 12) 
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Figure 22.  Projected Water Level at Middle Animas Riparian (18, 71) 

 
 
 

Figure 23.  Projected Water Level at MW-11 
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Figure 24.  Projected Water Level at Upper Percha Riparian (74, 11) 

 
 
 

Figure 25.  Projected Water Level at Percha Box Riparian (76, 46) 
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Figure 26.  Projected Water Level at Warm Spring 

 
 
 

Figure 27.  Projected Water Level at Las Animas Community Spring 
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APPENDIX F:  MODEL SENSITIVITY ANALYSES 
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TECHNICAL MEMORANDUM 

 
 
To: New Mexico Copper Corporation 
 
From: Michael Jones, Principal Hydrologist 
 
Date: August 04, 2015 
 
Subject: Alternative Model Projections – Sensitivity of Results of Operating Scenarios Considered for 

Copper Flat EIS 
 

 
The model of groundwater flow in the Animas Uplift and the Palomas Basin (JSAI, 15 August, 2014) was 
used to project the effects of the proposed development of the Copper Flat deposit.  Results are presented 
for three operating scenarios reflecting different mineral processing rates and mining duration, with 
associated rates and duration of groundwater use.    

1. Processing 17,500 tons per day (tpd), for 15.7 years (total 100M t)  

2. Processing 25,000 tpd for 10.9 years (total 100M t) 

3. Processing 30,000 tpd for 11.3 years (total 125M t) 
 

Model simulations include period-of-mining projections and post-mining projections for each scenario.  
The period-of-mining projections simulate water-supply pumping from the well field, and pit-area 
dewatering.  The post-mining projections simulate ground-water level recovery around the well field and 
filling of the open pit.  
 
Simulated conditions at the end of 2014 were used as starting conditions for the period-of-mining 
projections.  Simulated conditions at the end of mining were used as starting conditions for the post-
mining projections.  
 
The projections assume water-supply pumping from wells PW-1 through PW-4, shown on Figure 1, to 
supply the makeup water required by the mill for the tailings stream, and water for other mine uses.   
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Figure 1.  Pumping wells and proposed mine facilities 

 
 
In order to examine the results of conservative projections, the head-dependent boundary condition at the 
north end of the model domain was converted to a specified-flow boundary.  The effect of this change is 
to assume that pumping will not induce additional inflow from the north Palomas Graben.  The result is 
more groundwater drawdown and flow depletion than would otherwise be simulated.  
 
The projected groundwater use and resulting water balance changes are presented below for each 
scenario.   
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17,500 Tons Per Day, 15.7 Years Scenario EIS Alt0 
 

 Projected monthly make up water demand averages to an annual use of about 3,802 ac-ft/yr (from 
water balance file “Water Balance Model EIS.xlsx”, NMCC personal communication, 9 December 2013), 
is shown on Figure 2.   
 

 
Figure 2.  Projected groundwater demand, 17,500 tpd 15.7 y scenario. 

 
 
Results are summarized on Table 1.  
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25,000 Tons Per Day, 10.9 Years Scenario EIS Alt1 
 

 Projected monthly make up water demand averages to an annual use of about 5,290 ac-ft/yr (from 
water balance file “Water Balance Model EIS.xlsx”, NMCC personal communication, 9 December 2013), 
is shown on Figure 3.   

 
Figure 3.  Projected groundwater demand, 25,000 tpd, 10.9 y scenario. 

 
Results are summarized on Table 2.  
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30,000 Tons Per Day, 11.3 Years Scenario EIS Alt2 
 

 Projected monthly make up water demand averages to an annual use of about 6,101 ac-ft/yr (from 
water balance file “Water Balance Model EIS.xlsx”, NMCC personal communication, 9 December 2013), 
is shown on Figure 4.   

 
Figure 4.  Projected groundwater demand, 30,000 tpd, 11.3 y scenario. 

 
Results are summarized on Table 3.  
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Summary 

The model of groundwater flow in the Animas Uplift and the Palomas Basin (JSAI, 21 August, 2013) was 
used to project the effects of the proposed development of the Copper Flat deposit, for three mining 
scenarios:   

1. Mining 17,500 tpd, for 15.7 years (total 100M t)  

2. Mining 25,000 tpd for 10.9 years (total 100M t) 

3. Mining 30,000 tpd for 11.3 years (total 125M t) 
 
Results of each are summarized in Tables 1, 2 and 3.  

Table 1.  Summary results of Proposed Action (17,500 tpd, for 15.7 years) 

Change in Flow, Acre-Feet Per Year 

Parameter 

Rate 3 months 
after end of 

mining 
Rate 100 yrs 
after mining 

Flow rate 
with no mine 

Storage -2,380 -29 27 
Groundwater discharge to Rio Grande above 
Caballo Dam 869 33 -10,561 

Groundwater discharge to Rio Grande below 
Caballo Dam 682 6 -1,234 

Discharge from flowing wells 824 11 -2,030 
Animas Ck evapotranspiration and flow 
reduction 13 1 -4,848 

Percha Ck evapotranspiration and flow 
reduction 19 4 -2,630 

Flow to open pit -21 -28 -7 
Inflow from graben north of study area 0 0 2,184 

 
Cumulated Change in Volume, Acre Feet 

Parameter 
Volume change post-

mining (ac-ft) 
Storage 3,943 
Rio Grande above Caballo Dam 24,557 
Rio Grande below Caballo Dam 14,296 
Flowing wells 18,754 
Animas Ck flow and evapotranspiration 383 
Percha Ck flow and evapotranspiration 810 
Total 62,743 
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Table 2.  Summary results of Alternative 1 (25,000 tpd for 10.9 years) 

Change in Flow, Acre-Feet Per Year 

Parameter 

Rate 3 months 
after end of 

mining 
Rate 100 yrs 
after mining 

Flow rate 
with no mine 

Storage -2,792 -25 27 
Groundwater discharge to Rio Grande above 
Caballo Dam 989 31 -10,561 

Groundwater discharge to Rio Grande below 
Caballo Dam 822 6 -1,234 

Discharge from flowing wells 972 10 -2,030 
Animas Ck evapotranspiration and flow 
reduction 15 1 -4,848 

Percha Ck evapotranspiration and flow reduction 21 4 -2,630 
Flow to open pit -24 -28 -7 
Inflow from graben north of study area 0 0 2,184 

 
Cumulated Change in Volume, Acre Feet 

Parameter 
Volume change post-

mining (ac-ft) 
Storage 3,794 
Rio Grande above Caballo Dam 24,039 
Rio Grande below Caballo Dam 13,909 
Flowing wells 18,195 
Animas Ck flow and evapotranspiration 385 
Percha Ck flow and evapotranspiration 816 
Total 61,138 
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Table 3.  Summary results of Alternative 2 (30,000 tpd for 11.3 years) 

Change in Flow, Acre-Feet Per Year 

Parameter 

Rate 3 months 
after end of 

mining 
Rate 100 yrs 
after mining 

Flow rate 
with no mine 

Storage -3,214 -27 27 
Groundwater discharge to Rio Grande above 
Caballo Dam 1,155 34 -10,561 

Groundwater discharge to Rio Grande below 
Caballo Dam 955 7 -1,234 

Discharge from flowing wells 1,104 12 -2,030 
Animas Ck evapotranspiration and flow 
reduction 18 2 -4,848 

Percha Ck evapotranspiration and flow reduction 25 4 -2,630 
Flow to open pit -33 -30 -7 
Inflow from graben north of study area 0 0 2,184 

 
Cumulated Change in Volume, Acre Feet 

Parameter 
Volume change post-

mining (ac-ft) 
Storage 4,730 
Rio Grande above Caballo Dam 28,772 
Rio Grande below Caballo Dam 16,831 
Flowing wells 21,818 
Animas Ck flow and evapotranspiration 443 
Percha Ck flow and evapotranspiration 953 
Total 73,547 
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[JSAI] John Shomaker & Associates, Inc., 15 August, 2014, Model of Groundwater Flow in the Animas 
Uplift and Palomas Basin, Copper Flat Project, Sierra County, New Mexico:  Consultant report 
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DRAFT TECHNICAL MEMORANDUM 
 

 
To: Katie Emmer, THEMAC Resources kemmer@themacresourcesgroup.com 
 New Mexico Copper Corporation 
 
From: Michael A. Jones, Principal Hydrologist 

 
Date: 04 August 2014  
 
Subject: Copper Flat model sensitivity to fault conductance.  
 

 
The JSAI Copper Flat model was run assuming no resistance to flow across the south-bounding 
fault of the andesite, between Copper Flat and Percha Creek.  The change resulted in too-low 
simulated water levels north of Percha Creek, as much as 200 feet below the measured levels. 
 
Figure 1 shows projected flow changes, due to the Copper Flat project, for EIS Alt 2. Figure 2 
shows projected end-of-mining drawdown for EIS Alt 2.   Both drawdown and flow changes are 
about the same as with the calibrated model.   
 
Figure 1.  Projected flow changes, EIS Alt 2. 
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Figure 2.  Projected End-of-Mining drawdown, EIS Alt 2. 
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DRAFT TECHNICAL MEMORANDUM 
 

 
To: Katie Emmer, THEMAC Resources kemmer@themacresourcesgroup.com 
 New Mexico Copper Corporation 
 
From: Michael A. Jones, Principal Hydrologist 

 
Date: 04 August 2014  
 
Subject: Copper Flat model sensitivity to graben anisotropy.  
 

 
The JSAI Copper Flat model was run assuming a horizontal-to-vertical anisotropy of 100 in the 
Palomas Graben, to test the sensitivity of model results to graben anisotropy.  The calibrated 
model uses anisotropy of 1, based on previous sensitivity analysis (JSAI, 2014, section 7.1), 
shown on the Figure 7.1 below.  
 

 
Figure 7.1 (JSAI, 2014).  Simulated aquifer-test drawdown in well MW-5 for 

 different vertical anisotropy values. 
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Figures 1 through 4 show results of the aquifer test calibration.  The reproduction of the aquifer 
test results is not as good as with the calibrated model, suggesting a smaller anisotropy is more 
likely.  
 
Figure 5 shows projected end-of-mining drawdown for EIS Alt 2.  Drawdown in the Santa Fe 
Group aquifer is larger than with the calibrated model.  Figure 6 shows projected flow changes 
due to the Copper Flat project.  Flow changes are about the same as with the calibrated model.  
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Figure 1.  Measures and simulated aquifer test response in PW-2 

 
 
Figure 2.  Measures and simulated aquifer test response in PW-4 
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Figure 3.  Measures and simulated aquifer test response in MW-5 

 
 
Figure 4.  Measures and simulated aquifer test response in MW-9/-10 
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Figure 5.  Projected End-of-Mining drawdown, EIS Alt 2. 

 
 
Figure 6.  Projected flow changes, EIS Alt 2. 
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APPENDIX G:  BIOLOGICAL RESOURCES 
SURVEY REPORT
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